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The wild relatives of pigeonpea [Cajanus cajan (L.) Millsp.] are important source of genetic variation 
carrying genes for resistance to various biotic and abiotic stresses and other morphological traits. In 
the present study, four wild relatives of pigeonpea were evaluated using 24 simple sequence repeat 
(SSR) markers to assess their genetic diversity at molecular level. Each marker, on average, amplified 
3.3 alleles with polymorphic information content (PIC) value of 0.53. The dendrogram pattern revealed 
two distinct genotypic clusters and cultivated pigeonpea was closely related to Cajanus cajanifolius. On 
the contrary, Cajanus scarabaeoides was the most diverse from the cultivated type. The results also 
suggest that genetic distance between cultivated pigeonpea and wild species was not related to their 
hybridization barrier. 
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INTRODUCTION 
 
Pigeonpea [Cajanus cajan (L.) Millsp.] is an important 
legume cultivated in the tropics and sub-tropics for its 
high protein (18 to 22%) seeds. It is known to enrich soil 
through nitrogen fixation, release of phosphorous, and by 
adding valuable organic matter and micronutrients (Saxena, 
2008). In pigeonpea germplasm, a large phenotypic va-
riation exists for most economically important qualitative 
and quantitative traits (Remanandan, 1990). This varia-
bility, however, was not large enough to help breeders in 
developing high yielding cultivars and it resulted in 
stagnation of yield for over the past 50 years (FAO, 
2010). Based on these observations, concerns have 
been expressed about the presence of useful genetic 
variability in the primary gene pool of pigeonpea. Under 
this scenario, while breeding cultivars, it is logical to use 
genetic variation available in the related wild species. To 
break this yield barrier through hybrid technology in 
pigeonpea, Saxena et al. (2005) developed a cytoplasmic 
nuclear male-sterility system and the wild relatives of 
pigeonpea played a major role in the development of 
diverse male sterility systems (Saxena et al., 2010a). 
This paper reports molecular variability in Cajanus 
scarabaeoides, Cajanus cajanifolius and Cajanus 
acutifolius representing secondary gene pool while 
Cajanus platycarpus selected from tertiary gene pool. 
According to van der Maesen (1990), genus Cajanus 
comprises of 32 species, and of these, only Cajanus 
cajan is cultivated. These species are primarily distribu-
ted in India and Australia and have diploid chromosome 
2n = 22. The success rate of hybridization of wild rela-
tives with cultivated type was considered as an indicator 
of genetic diversity and the distantly related species do 
not cross easily to the cultivated type (Harlan and de 
Wet, 1971). Based on cyto-taxonomic studies, van der 
Maesen (1986) reported that C. cajanifolius of secondary 
gene pool was closest to the cultivated type and on the 
contrary, C. platycarpus was most diverse species and it 
was classified in tertiary gene pool. The other two species
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Table 1. Characteristics of the wild accessions used in the genetic diversity study. 
 
 Species 
Wild accession character 
ICPW 9 ICPW 94 ICPW 29 ICPW 68 ICPL 87119 
Cajanus acutifolius Cajanus scarabaeoides Cajanus cajanifolius Cajanus platycarpus Cajanus cajan 
Growth 
Habit 
Erect shrub with branches 
covered by short slivery hairs 
Trailing bush with slender soft 
hairy stems 
Erect and tall perennial shrub 
Herbaceous twining bushy 
plant with slender hairy stems 
Erect shrub with green 
stem 
      
Leaflets 
Dull green densely covered by 
velvety hairs and numerous resin 
glands 
Leathery with dense white 
pubescence on low surface 
Glandular punctuate with 
white pubescence on lower 
surface 
Membraneous and faintly 
dotted 
Glandular punctuate with 
dense hairs along the 
veins 
      
Flowers 
Yellow with reddish brown and 
purplish streaks 
Yellow with dorsal red veins Yellow with dorsal red veins Pale Yellow 
Yellow with red streaks on 
the back of standard petal 
      
Pods Oblong with 2-4 seeds Wide flattened with 3-5 seeds Oblong with 3-4 seeds Flat-oblong with 2-4 seeds Oblong with 2-5 seeds 
      
Seeds 
Oblong with brown and black 
color mosaic 
Rectangular grayish with black 
and cream color mosaic 
Round, black colored with 
grey mosaic 
Wide rectangular and brown Round and brown colored 
      
Strophiole Prominent Prominent Large Large Vestigial 
Location 
collected 
Australia Sri Lanka India India  India 
 
 
 
were placed somewhere in between the two. 
Yang et al. (2006) evaluated 322 pigeonpea ac-
cessions and reported that there was no relation-
ship between phenotypic and molecular diversity. 
However, greater understanding of molecular 
diversity in genus Cajanus may help in enhancing 
productivity of inbred cultivars. This information 
may also be useful in breeding potential parental 
materials for enhancing the realized heterosis for 
seed yield. 
Among the different markers generated in 
pigeonpea, simple sequence repeat (SSR) markers 
are available in reasonably good numbers which 
could be used to study in genetic diversity and 
their co-dominant nature make them the markers 
of choice for molecular breeding. Therefore, to 
generate information on this aspect, the present 
study was undertaken to assess the molecular 
diversity among wild relatives of pigeonpea using 
SSR markers. 
 
 
MATERIALS AND METHODS 
 
Four wild relatives of pigeonpea representing secondary 
(C. acutifolius, C. scarabaeoides, C. cajanifolius) and ter-
tiary (C. platycarpus) gene pools were used in this study 
along with a popular C. cajan cultivar ICPL 87119. One 
accession of each species was selected randomly for 
genetic analysis and their important morphological traits 
are described in Table 1. 
DNA extraction, SSR markers, polymerase chain 
reactions (PCRs) and electrophoresis 
 
Seeds of the four wild and a cultivated species were sown 
in plastic pots and placed in a glasshouse. Three week old 
plants were used to extract DNA and it was purified using 
the protocol described in Cuc et al. (2008). The DNA quan-
tity was assessed on 0.8% agarose gel and the DNA 
concentrations were normalized to 5 ng/µl. A total of 24 
unlabeled primer pairs (Bohra et al., 2011) were used for 
molecular characterization of each genotype. PCRs were 
performed in a 5 µl reaction volume [0.5 µl of 10 × PCR 
buffer, 7.5 mM of MgCl2, 1 mM of dNTPs, 1.5 pM of primer 
(MWG-Biotech AG, Bangalore, India), 0.3 U of Taq poly-
merase (Bioline, London, UK) and 5 ng of template DNA] in 
96-well microtitre plate (ABgene, Rockford, Illinois, USA) 
using thermal cycler Gene-Amp PCR System 9700 (Applied 
Biosystems, Foster City, California, USA). A touch-down PCR
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Table 2. Polymorphism among four wild relatives and one cultivated pigeonpea species. 
 
SSR marker Number of alleles PIC  
CcM2409 2 0.27 
Less polymorphic markers 
CcM2505 2 0.27 
CcM0785 2 0.27 
CcM1982 2 0.27 
CcM1079 2 0.27 
CcM2332 2 0.36 
   
 
CcM0594 3 0.50 
High polymorphic markers 
CcM0988 3 0.50 
CcM1109 3 0.50 
CcM1373 3 0.50 
CcM1366 3 0.50 
CcM0673 3 0.50 
CcM2895 3 0.50 
CcM1011 3 0.50 
CcM2221 3 0.56 
CcM2697 4 0.67 
CcM2379 4 0.67 
CcM1207 4 0.67 
CcM2871 4 0.67 
CcM0962 4 0.67 
CcM2710 4 0.67 
CcM2818 5 0.77 
CcM0443 5 0.77 
CcM2241 5 0.77 
   
 
Mean 3.3 0.53  
 
 
 
program was used to amplify DNA fragments. An initial denaturation 
for 3 min at 95°C was followed by initial 10 cycles of denaturation 
for 20 s at 94°C, annealing for 20 s at 55°C (the annealing tempera-
ture for each cycle being reduced by 1°C per cycle) and extension 
for 30 s at 72°C. Subsequently, 35 cycles of denaturation (20 s at 
94°C), annealing (20 s at 48°C), and extension (30 s at 72°C) were 
used, followed by final extension at 72°C for 20 min. The PCR 
products were checked for ampliﬁcation on 1.2% agarose gel. 
The ampliﬁed products were separated on capillary electropho-
resis using ABI 3730 (Applied Biosystems, Foster City, CA, USA) 
and allele calling was performed using GeneMapper software 
version 4.0 (Applied Biosystems, Foster City, CA, USA). The allelic 
data obtained in bp were analyzed as allele sizes. The allelic data 
was used to prepare dendrogram using MEGA version 5.05 
(Tamura et al., 2011). The polymorphism information content (PIC) 
refers to the value of a marker for detecting polymorphism within a 
given germplasm, depending on the number of detectable alleles 
and the distribution of their frequency. PIC value of markers was 
calculated using the formula recommended by Anderson et al. 
(1993). 
 
 
RESULTS 
 
The mean PIC value of the markers among the test mate-
rials was 0.53 (Table 2). The 24 polymorphic markers 
amplified a total of 78 alleles with an average of 3.3 alleles 
per marker. The PIC value ranged from 0.27 (CcM2409, 
CcM2505, CcM0785, CcM1982, CcM1079) to 0.77 
(CcM2818, CcM0443, CcM2241); while the number of 
alleles varied from two (for markers CcM0785, CcM1079, 
CcM1982, CcM2332, CcM2409, and CcM2505) to five 
(for markers CcM0443, CcM2241 and CcM2818). Out of 
24 polymorphic markers, 18 showed PIC values ranging 
from 0.50 to 0.77. The markers CcM0443, CcM2241 and 
CcM2818 were highly polymorphic with a PIC value of 
0.77. This set of markers displayed a considerable poly-
morphism and can be used in constructing a genetic 
map, trait mapping or diversity studies with larger set of 
genotypes. A perusal of dendrogram (Figure 1) revealed 
two distinct clusters, cluster I included cultivar ICPL 
87119 while cluster II contained all the wild relatives. This 
clearly indicated significant diversity between the wild 
relatives and the cultivated type. Similar results were also 
reported by Kassa et al. (2012) using single nucleotide 
polymorphism (SNP) markers. Among the wild species, 
C. cajanifolius showed close association with the culti-
vated species and it confirmed the results of Saxena et 
al. (2010b) and Kassa et al. (2012). This information also 
supported the taxonomical (van der Maesen, 1980) and
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Figure 1. A dendrogram exhibiting molecular variation among four wild species and one cultivated species. 
 
 
 
cytological (Mallikarjuna et al., 2012) findings reported 
earlier. 
Based on the morphological similarities, De (1974) and 
van der Maesen (1980) postulated that the cultivated 
pigeonpea originated from its wild relative C. cajanifolius 
through macro-mutations. The present results also show 
that the molecular diversity among C. scarabaeoides, C. 
acutifolius and C. platycarpus was not large and they 
were grouped together in cluster II. 
 
 
DISCUSSION 
 
This study generates valuable information on the rela-
tionship between molecular diversity and crossability 
within genus Cajanus. Earlier, it was believed that C. 
platycarpus cannot be crossed with the cultivated type 
using normal procedures, as it is very diverse in compa-
rison to other species; and hence, it was classified in the 
tertiary gene pool (Harlan and de Wet, 1971). Our 
studies, on the contrary, found that the genetic diversity 
of C. platycarpus was comparable with those of C. 
scarabaeoides and C. acutifolius, which can easily be 
crossed with the cultivated type, and thus were placed in 
the secondary gene pool. Therefore, it can be inferred 
that hybridization success may not always be a reliable 
criterion to predict the genetic diversity. Genetic diversity 
is known to play an important role in the genetic en-
hancement of the crop. In general, the crop wild relatives 
are rich source of useful genes which could be utilized in 
the development of novel plant types through hybridiza-
tion and selection. In pigeonpea breeding program, some 
crossable wild species have been successfully used to 
incorporate traits such as high protein, earliness, and 
cytoplasmic nuclear male-sterility from C. scarabaeoides 
(Saxena et al., 1990; Saxena and Kumar, 2003) and pod 
borer resistance from C. acutifolius (Mallikarjuna and 
Saxena, 2002). C. platycarpus is known to harbor useful 
genes for traits like early flowering and maturity, photo-
period insensitivity, prolific flowering and pod setting, 
salinity tolerance, resistance to Phytophthora blight and 
Helicoverpa pod borer (Mallikarjuna et al., 2006). 
Hybridization between C. cajan and C. platycarpus 
using normal procedures has repeatedly failed. The first 
success in hybridizing these two species was reported by 
Mallikarjuna and Moss (1995), who adopted embryo 
rescue technique to produce the inter-specific hybrid 
plants. They also reported that the natural hybridization 
barrier between the two species was post-zygotic in 
nature and it could be overcome by the application of 
gibberlic acid to allow initial development of embryo 
before excising it for growing in artificial media. Thus, it 
can be inferred that C. platycarpus carries one or few 
additional major gene(s) which inhibits the growth of 
zygote; and it is reflected as a strong hybridization 
barrier. Ahmad et al. (1992) also reported similar results 
in chickpea (Cicer arietinum) and concluded that evolu-
tion of reproductive barrier between the cultivated and 
wild species was not related to their genetic divergence. 
Thus, the genetic variability in the four wild species used 
in this study could be utilized in the development of new 
genotypes with traits like dwarfs, high protein (28 to 
31%), CMS systems, cleistogamy, photoperiod insensi-
tivity, prolific flowering and pod setting, and resistance to 
various biotic and abiotic stresses (Saxena et al., 1992, 
2002, 2010a; Saxena and Sharma, 1995; Mallikarjuna et 
al., 2006). 
The availability of large scale genomics resources and 
wide hybridization can be used to exploit potential of the 
wild relatives by detection and transfer of desirable genes 
through targeted genetic enhancement programs. The 
genetic diversity in the wild gene pool could also be used 
in breeding new inbred parents with desirable charac-
teristics for increased hybrid vigor. From the present 
studies, it is concluded that: (i) a considerable genetic 
variation exists among the wild relatives of pigeonpea 
and, (ii) genetic distance among these species was not 
related to their hybridization barrier. The logical next step 
should be to study the intra-species molecular diversity of  
  
 
 
 
these wild species and choose the most diverse acces-
sions for breeding of high yielding hybrid/pure line cultivars. 
 
 
REFERENCES 
 
Ahmad F, Gaur PM, Slinkard AE (1991). Isozyme polymorphism and 
phylogenetic interpretations in the genus Cicer L. Theor. Appl. Genet. 
83: 620-627. 
Anderson JA, Churchill GA, Sutrique JE, Tanksley SD, Sorrells ME 
(1993). Optimizing parental selection for genetic linkage maps. 
Genome 36: 181-186. 
Bohra A, Saxena RK, Gnanesh BN, Saxena KB, Byregowda M, Rathore 
A, Kavikishor PB, Cook DR, Varshney RK (2011). An intra-specific 
consensus genetic map of pigeonpea [Cajanus cajan (L.) Millsp.] 
derived from six mapping populations. Theor. Appl. Genet. 25(6): 
1325-38. 
Cuc LM, Mace ES, Crouch JH, Quang, VD, Long TD, Varshney RK 
(2008). Isolation and characterization of novel microsatellite markers 
and their application for diversity assessment in cultivated groundnut 
(Arachis hypogaea). BMC Plant Biol. 8: 55. 
De DN (1974). Pigeonpea. In: J. B. Hutchinson (Ed.) Evolutionary 
studies on world crops. Cambridge University press. Cambridge. pp. 
79-87. 
FAO (2010). www.faostats.org 
Harlan JR, de Wet JMJ (1971). Towards a rational classification of 
cultivated plants. Taxon 20: 509-517. 
Kassa MT, Penmetsa RV, Carrasquilla-Garcia N, Sarma BK, Datta S, 
Upadhyaya HD, Varshney RK, von Wettberg EJB, Cook DR (2012). 
Genetic patterns of domestication in pigeonpea (Cajanus cajan (L.) 
Millsp.) and wild Cajanus relatives. PLoS One 7 (6): 1-13. 
Mallikarjuna N, Jadhav D, Reddy P (2006). Introgression of Cajanus 
platycarpus genome into cultivated pigeonpea, C. cajan. Euphytica 
149: 161–167. 
Mallikarjuna N, Moss JP (1995). Production of hybrids between Cajanus 
platycarpus and Cajanus cajan. Euphytica 83: 43-46. 
Mallikarjuna N, Saxena KB (2002). Production of hybrids between 
Cajanus acutifolius and C. cajan. Euphytica 124 (1):107–110. 
Mallikarjuna N, Saxena KB, Jhansi Lakshmi, Varshney RK, Sandhya 
Srikanth, Deepak Jadhav (2012). Differences between Cajanus cajan 
(L.) Millspaugh and C. cajanifolius (Haines) van der Maesen, the 
progenitor species of pigeonpea. Genet. Resour. Crop Evol. 59: 411-
417. 
Remanandan P (1990). Pigeonpea: Genetic resources. In: The 
Pigeonpea. (Nene, YL, Hall, SD and Sheila, VK. Eds.). University 
Press, Cambridge. pp. 89-116. 
Saxena KB (2008). Genetic improvement of pigeonpea – A review. 
Trop. Plant Biol. 1(2): 159-178. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mudaraddi et al.         3801 
 
 
 
Saxena KB, Ariyanayagam RP, Reddy LJ (1992). Genetics of a high-
selfing trait in pigeonpea. Euphytica 59: 125-127.  
Saxena KB, Kumar RV (2003). Development of a cytoplasmic nuclear 
male-sterility system in pigeonpea using C. scarabaeoides (L.) 
Thouars. Indian J. Genet. Plant Breed. 63(3): 225-229. 
Saxena KB, Kumar RV, Rao PV (2002). Pigeonpea nutrition and it 
improvement. In: Basara AS, Randhawa LS (eds) Quality improve-
ment in field crops. Haworth Press, Binghamton, NY, USA. pp. 227–
260. 
Saxena KB, Kumar RV., Srivastava N, Shiying, B (2005). A cytoplasmic 
- nuclear male-sterility system derived from a cross between Cajanus 
cajanifolius and Cajanus cajan. Euphytica 145: 289-294. 
Saxena KB, Sharma D (1995). Sources of dwarfism in pigeonpea. 
Indian J. Pulses Res. 8:1–6. 
Saxena KB, Singh L, Reddy MV, Singh U, Lateef SS, Sharma SB 
Remanandan P (1990). Intraspecies variation in Atylosia 
scarabaeoides (L.) Benth., a wild relative of pigeonpea (Cajanus 
cajan (L.) Millsp.) Euphytica 49: 185-191. 
Saxena KB, Sultana R, Mallikarjuna N, Saxena RK, Kumar RV, 
Sawargaonkar SL, Varshney RK (2010a). Male-sterility systems in 
pigeonpea and their role in enhancing yield. Plant Breed. 129 (2): 
129-134. 
Saxena RK, Saxena KB, Varshney RK (2010b). Application of SSR 
markers for molecular characterization of hybrid parents and purity 
assessment of ICPH 2438 hybrid of pigeonpea. [Cajanus cajan (L.) 
Millspaugh]. Mol. Breed. 26: 371-380. 
Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar, S 
(2011). MEGA5: Molecular evolutionary genetics analysis using 
maximum likelihood, evolutionary distance, and maximum parsimony 
methods. Mol. Biol. Evol. 28: 2731-2739. 
van der Maesen LJG (1980). India is the native home of pigeonpea. In: 
Arends JC, Boelema G, de Groot CT, Leeuwenberg AJM (eds) 
Libergratulatorius in honorem H. C.D. de Wit landbouwhogeschool 
Miscellaneous paper no 19. Veenman H, Zonen BV, Wageningen, 
Netherlands. pp. 257–262. 
van der Maesen LJG (1986). Cajanus DC. and Atylosia W. & A. 
(Leguminosae). Agricultural University, Wageningen Papers 85-4 
(1985). Agricultural University, Wageningen, Netherlands. pp. 1–225. 
van der Maesen LJG (1990) Pigeonpea: origin, history, evolution and 
taxonomy. In: Nene YL, Hall SD and Sheila VK (eds) The Pigeonpea. 
Wallingford: CAB International. pp. 44–87 
Yang S, Pang W, Ash G, Harper J, Carling J, Wenzel P, Hutter E, Zong 
X, Kilian A (2006). Low level of genetic diversity in cultivated 
pigeonpea compared to its wild relatives is revealed by diversity 
arrays technology. Theor. Appl. Genet. 113:585–59. 
 
 
 
 
 
 
 
 
 
